The age of patients receiving total primary hip arthroplasty (THA) or total knee arthroplasty (TKA) has increased over the last decade, reflecting an ageing population and improvements in surgical and anaesthetic techniques. Several studies have found patient age to be a predictor of postoperative complications and mortality, 1 partly due to pre-existing comorbidity, and a decreased ability to overcome surgical stress and postoperative organ dysfunction. 2 3 Average length of hospital stay (LOS) after primary THA and TKA has generally declined through the last decade, but fast-track THA and TKA surgery has been developed as a concept founded on evidence-based clinical care principles and optimized logistical features, 4 leading to LOS of about 2-4 days in many centres. 5 6 However, there is still a large variation in LOS with reported stays of 5 -11 days. 3 7-10 In this context, it is unclear whether fast-track THA and TKA is feasible in all patients 5 11 12 or if only selected patients should go through a fast-track programme. 6 12 13 We report data from a prospective multicentre study on LOS and readmissions ≤90 days in 3112 consecutive, unselected fast-track primary THAs and TKAs in relation to preoperative patient characteristics [age, cardiopulmonary disease (CPD), living conditions, and preoperative use of mobility aids].
regarding their preoperative functional level (daily use of crutches/cane/walker or use of wheel chair before operation), living conditions (living with partner, alone, or in institution such as nursing home or sheltered care facility), and comorbidities (receiving current pharmacological treatment for any pulmonary or cardiac disease, excluding hypertension). Data are entered in the Lundbeck Foundation Centre for Fast-track THA and TKA database (LCDB) (questionnaire available upon request). A fast-track programme included spinal anaesthesia, fluid therapy, a standard multimodal pain treatment, mobilization on the day of surgery, and welldefined discharge criteria 14 as a standard of care in all departments. There are no restrictions on patient selection, and an aim for an LOS of ,4 days with discharge to the patient's own home. For this study, we investigated all patients undergoing primary elective THA or TKA from February 1, 2010, to May 1, 2011, in the participating departments and crossreferenced with the Danish National Health Registry (DNHR) regarding LOS (defined as the number of postoperative nights, including transferral to other departments), and readmissions within 90 days. DNHR registers all hospitalizations including diagnoses and surgical procedures from any Danish hospital, allowing information on LOS and readmissions regardless of hospital localization. Because all hospitals have to report to DNHR to receive DRG payment, a 100% follow-up regarding readmissions is possible. Mortality was obtained through the Central Office of Civil Registration (CPR) based upon all citizens' unique social security number.
The questionnaire was completed within 1 month before operation. In the case of uncompleted questionnaire for LCDB (n¼233, 7.5%), a dedicated nurse completed it retrospectively by scrutinizing prior medical records and discharge forms. If specific questions could not be answered retrospectively, data were recorded as missing.
Exclusion criteria were revision surgery, foreign social security number, surgery because of severe congenital disorder [defined as code DQ65* according to WHO 10th international classification of diseases (ICD10)], and simultaneous bilateral procedures (two primary procedures on the same day). If a patient had THA or TKA more than one time during the study period, they were still eligible for inclusion when there were .45 days between operations. Patients with fractures or prosthesis inserted on the same side ,3 months before THA/TKA were excluded (Fig. 1) .
Readmission rate was defined as the total number of readmissions/total number of procedures. When testing for risk factors of readmission, only one readmission per patient was included. Readmission criteria were: overnight stay in hospital, and the following readmissions found possibly surgery-related: revision due to prosthesis problems, deep venous thrombosis (DVT), pulmonary embolism (PE), stroke/transitory cerebral ischaemia, possible wound infection (return to operating theatre, treatment with antibiotics only, no treatment), fractures without known trauma, falls, knee manipulation, hip dislocation, cardiac problems [myocardial infarction (MI), any type of arrhythmia], pneumonia, urinary retention (UR), abdominal complications (gastric ulcer, ileus), and sequelae (rehabilitation, opioid side-effects, pain, other conditions related to surgery). Readmissions due to chronic obstructive lung disease, syncope, and urinary tract infection ≤30 days of primary admission were also included. The primary author scrutinized the medical charts of all readmissions to determine relevance and consulted the senior author in case of doubt.
Patients dying ≤90 days of surgery had their medical files investigated to determine cause of death. Cancer-related death was defined as unrelated to surgery, while death of unknown cause was defined as possibly surgery related in order not to underestimate mortality rate.
Separate analysis on age, mortality, LOS, and readmissions of patients operated on according to DNHR, but not recorded in the LCDB was conducted to define a potential selection bias.
Statistics
Data were tested for normality distribution using Q -Q plots, skewness, and kurtosis. Medians with inter-quartile ranges (IQR) are reported for skewed and mean with ranges for normally distributed data. Owing to skewness, LOS was dichotomized into ≤4 days and .4 days when investigating factors influencing LOS. Relationship between dichotomized outcomes and patient characteristics was initially tested The role of patient characteristics BJA using univariate logistic regression, and, if significant, with multivariate logistic analysis adjusting for gender and BMI and other variables found to be statistically significant in univariate logistic regression analysis. 15 Owing to missing data, multivariate analysis on LOS was conducted on 2894 operations and on 2923 operations regarding readmissions. A twotailed P-value of ,0.05 was considered significant. Statistical analysis was done using SPSS v. 20 (IBM cooperation, Armonk, NY, USA).
Ethics
No approval was needed from the Ethics Committee, as this was a quality control study. Permission was obtained from 
Primary admission
The median LOS was 3 days (THA 2/TKA 3) (IQR: 2-3) and the mean LOS 3.0 (range 1-34) days (THA 2.9/TKA 3.1) (range 1-28 and 1 -34 for THA/TKA, respectively). LOS ≤4 days was achieved in 2820 (1453 THA/1367 TKA; both 90%) patients (Fig. 2A) . The median LOS increased slightly with age from 2 days (IQR: 2-3) at 50 -60 yr, to 4 days (IQR: 3-6) at .86 yr. Figure 2B shows the mean and median LOS for the different age groups. In the oldest patients, 79% (178/226) aged 81-85 yr and 67% (56/84) of those .86 yr still had LOS ≤4 days. CPD was significantly related to LOS .4 days (P,0.001) despite LOS increasing only slightly (Fig. 3A) . The same applied to patients using mobility aids (Fig. 3B ) and living alone (Fig. 3C ) (both P,0.001). All variables stayed significant after multivariate analysis (Table 1) . However, LOS ≤4 days was achieved in 87% (480/555) of patients with CPD, in 82% (634/775) who used mobility aids, and in 85% (884/1045) of those living alone. Mortality was 0.22% (seven of 3112) ≤30 days and 0.42% (13 of 3112) ≤90 days of surgery (8 THA/5 TKA), excluding three deaths unrelated to surgery. Five patients died in their own homes with no information regarding cause of death and were classified as 'unknown' (Table 2 ), but included in the mortality rate. Before death, two patients had readmissions, one due to hip dislocation and one due to stroke. Seven deaths were in patients with CPD (four from respiratory and three of unknown causes). Mortality rate in patients with CPD was 1.3% (odds ratio: 4.36, 95% confidence interval: 1.46-13.11, P,0.01 after age adjustment).
Readmissions
The hospital readmission rate was 6.6% within 30 days (6.5% THA/6.6% TKA), and 9.3% within 90 days (9.7%THA/8.9% TKA). There were 19 (0.61% of all operations) thromboembolic events [12 (0.38%) cases of DVT/PE verified by Doppler ultrasound (DUS), lung scintigraphy (LS) or computer tomography (CT) and 7 (0.22%) TCI's or CT verified strokes]. Table 3 . Age, preoperative use of mobility aids, and CPD were significantly associated with increased risk of readmission ≤90 days in both univariate and multivariate analyses, while LOS ≤4 days was not found to be significantly related to the risk of readmission after multivariate analysis (P¼0.25) ( Table 1) . There were 110 (59 THA/51 TKA) operations reported to DNHR but not in LCDB (3.4%). The mean age was 67.8 yr (44 -90) with a median LOS of 2 days (IQR: 1), no deaths ≤90 days, and a total of nine (8.1%) readmissions possibly related to surgery. No further analysis was made, as these data showed no selection bias compared with the patients in the LCDB.
Discussion
The most important finding in this detailed prospective study is that 91% of the 3112 consecutive THAs and TKAs in unselected patients had an LOS of ≤4 days without an increase in mortality or readmissions. Further, we provide a detailed analysis of surgical vs medical readmissions, in order to encourage strategies for improvement of care after THA and TKA. 16 Overall LOS increased only slightly with age and was lower than reported in most recent studies, 3 7 8 10 17 18 despite being in unselected consecutive patients, in contrast to previous studies. 6 13 Importantly, THA and TKA patients in
Denmark are discharged to their own homes and not to rehabilitation units. Furthermore, our LOS includes transferral to other hospital departments. In contrast, these data are rarely specified in other reports 1 3 18-24 or when reported, 
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The role of patient characteristics transferral to a rehabilitation units leads to an increase in overall LOS. 8 9 25 Age was related to LOS .4 days, although only substantially influential in the oldest patients (.80 yr). A recent study found a mean LOS after THA and TKA .8 days in patients between 80 and 92 yr, 26 while in our study, the mean LOS was about 5 days in patients aged 86-97 yr. This suggests that most old patients can be successfully included in a standardized fast-track THA/TKA programme, although they may have a slightly increased LOS. The influence of pre-existing CPD on LOS was less than preoperative use of mobility aids and living alone, and .86% with CPD had LOS ≤4 days. The relationship between living alone and increased LOS was also found by MacDonald and colleagues, 27 and is probably more due to logistic problems when discharging patients who have no one to help them at home. Thus, previous studies have found that delay of discharge is often caused by both organizational factors and social reasons. 27 -29 Although preoperative use of mobility aids was the most important variable related to increased risk of LOS .4 days, its effect was quantitatively quite small. The relationship between prolonged LOS and preoperative use of mobility aids was also found in a previous study with long LOS of about 9 days. 7 The explanation hereto may be that these patients are already functionally impaired and may experience more difficulties with postoperative mobilization, which is important since several discharge criteria are functional. The use of a walking aid can also be an indicator of advanced disease stage, contributing to both increased LOS and the slightly increased risk of readmission. Nonetheless, as with CPD, more than 80% of those using mobility aids had LOS ≤4 days. Our 90 day readmission rate is lower than in an earlier fast-track study, although the same criteria applied. 30 Both 30 and 90 day readmission rates are comparable with other studies with both fast-track and conventional care, 5 23 31 despite our liberal definition of possibly surgery-related readmissions and very detailed data. Specific details regarding timing and cause of readmissions are rarely reported in other studies, 18 20 we found the fractions of patients readmitted for 'medical' and 'surgical' causes to be fairly constant regardless of patient characteristics. This suggests that further focus should be on preventable medical causes and surgical technique. Our findings are comparable with the results of de Vries and colleagues, 10 although they included PE and DVT as 'surgical' readmissions, but their LOS was much longer (about 9 days). The age-related increase in readmission rate is difficult to interpret, since age was related to readmission in patients .85 yr only, which was based on few patients. We do not find that our results justify excluding the oldest patients from fast-track THA/TKA, but rather suggest that older patients could benefit from further attention with regard to perioperative medical care and rehabilitation. Although some have had concerns on increased readmissions with early discharge after THA/TKA, 22 this was not supported by our or other studies 5 32 and these findings are consistent with fast-track programmes for colonic surgery. 33 Thirty and 90 days mortality were about 0.2% and 0.4% which is comparable with recent fast-track studies. 5 34 In our study, we had a complete mortality registry and investigated medical charts and autopsy reports, in addition to using ICD-10 codes, compared with studies with less specific information. 21 35 Although mortality rate is low after THA/ TKA, the relationship between death and CPD was still significant after adjusting for age in the few mortality cases (n¼13). Nevertheless, we do not find CPD justifies exclusion from fast-track THA/TKA per se, but these patients might benefit most from increased medical attention in the early postoperative phase. Finally, our mortality results should be considered in relation to 'spontaneous' death in these mostly elderly patients and not always specifically related to the operation. When comparing our results with others, there are several aspects worth noting. For one, the definition of LOS, if defined at all, is often different across published studies. We chose to calculate LOS as postoperative nights spent in hospital including transferral to other departments. Data on LOS were highly skewed and we choose to define a long LOS as .4 days as this seemed reasonable with the median LOS of 3 days. However, other studies have used up to 7 days. 27 Recording readmissions may also be problematic with followup limited to the in-hospital period 20 or with potential incomplete follow-up, 31 in contrast to our complete follow-up due to the DNHR system. Although it can be argued that we included too few variables when analysing factors related to LOS and readmissions, the intention was not to identify all factors influencing LOS and readmissions, but to demonstrate that the vast majority of unselected patients can achieve fast-track THA/TKA regardless of commonly reported patient characteristics to prolong LOS. We consider selection bias very unlikely as all departments were part of large public hospitals with regional referrals and with the fast-track setup being standard of care. Furthermore, selection bias regarding inclusion in LCDB was not apparent in the few patients registered in DNHR but not in the LCDB. In summary, this large detailed prospective study, including a separation of 'surgical' vs 'medical' complications, showed that the majority of patients undergoing routine fast-track THA and TKA had LOS ,4 days with discharge to home, largely independent of common patient characteristic risk factors. Future efforts to improve outcome should include improvement of surgical techniques and perioperative care in the small fraction of patients with a combination of age .85 yr, pre-existing CPD, using a mobility aid and living alone. 
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